4 The blood supply to the spinal cord consists of an anterior spinal artery (ASA) and paired smaller posterior spinal arteries (PSAs). 17, 22, 23 The arterial blood supply to the spinal cord consists of several anastomoses that allow for redundancy of supply to the spinal cord. 15, 17, [22] [23] [24] One critical anastomotic connection is the arterial basket of the conus medullaris (ABCM). Initially described by Adamkiewicz in the 1880s, it has subsequently been studied using angiography by Djindjian and Lasjaunias. 1, 2, [5] [6] [7] 13, 14, 16 The ABCM consists of 1 or 2 arterial branches connecting the ASA and PSAs at the level of the conus medullaris. Although initially thought of as a fail-safe mechanism for providing alternative vascular supply to the conus, the ABCM has also been noted to be a critical component of vascular malformations of the conus medullaris. 6, 18, 21 To the best of our knowledge, this is the first detailed micro- obJect The arterial basket of the conus medullaris (ABCM) consists of 1 or 2 arteries arising from the anterior spinal artery (ASA) and circumferentially connecting the ASA and the posterior spinal arteries (PSAs). The arterial basket can be involved in arteriovenous fistulas and arteriovenous malformations of the conus. In this article, the authors describe the microsurgical anatomy of the ABCM with emphasis on its morphometric parameters and important role in the intrinsic blood supply of the conus medullaris. methodS The authors performed microsurgical dissections on 16 formalin-fixed human spinal cords harvested within 24 hours of death. The course, diameter, and branching angles of the arteries comprising the ABCM were then identified and measured. In addition, histological sections were obtained to identify perforating vessels arising from the ABCM. reSultS The ASA tapers as it nears the conus medullaris (mean preconus diameter 0.7 ± 0.12 mm vs mean conus diameter 0.38 ± 0.08 mm). The ASA forms an anastomotic basket with the posterior spinal artery (PSA) via anastomotic branches. In most of the specimens (n = 13, 81.3%), bilateral arteries formed connections between the ASA and PSA. However, in the remaining specimens (n = 3, 18.7%), a unilateral right-sided anastomotic artery was identified. The mean diameter of the right ABCM branch was 0.49 ± 0.13 mm, and the mean diameter of the left branch was 0.53 ± 0.14 mm. The mean branching angles of the arteries forming the anastomotic basket were 95.9° ± 36.6° and 90° ± 34.3° for the right- and left-sided arteries, respectively. In cases of bilateral arterial anastomoses between the ASA and PSA, the mean distance between the origins of the arteries was 4.5 ± 3.3 mm. Histological analysis revealed numerous perforating vessels supplying tissue of the conus medullaris. coNcluSioNS The ABCM is a critical anastomotic connection between the ASA and PSA, which play an important role in the intrinsic blood supply of the conus medullaris. The ABCM provides an important compensatory function in the blood supply of the spinal cord. Its involvement in conus medullaris vascular malformations makes it a critical anatomical structure.
surgical anatomical study of the ABCM with emphasis on the morphometric characteristics and branching pattern of the arteries forming the anastomosis between the ASA and PSAs.
methods

Study material
We used 16 human cadaveric thoracolumbar spines up to 24 hours postmortem with no known vascular disease of the spinal cord. The anterior corpectomies and foraminotomies were performed utilizing a high-speed drill and rongeurs. The ventral aspect of the entire thoracolumbar spinal thecal sac and nerve root were fully exposed. Utilizing an operating microscope, a longitudinal midline durotomy was performed and the ventral spinal cord and cauda equina were defined. The artery of Adamkiewicz was identified and cannulated with a 32-gauge plastic cannula. Continuous room-temperature normal saline irrigation was used to purge the vascular system until no gross blood clots could be observed in vessels. Next, a red-colored silicone-rubber mixture was injected into the artery of Adamkiewicz. 3 This injection was performed under moderate pressure to avoid contrast extravasation and ensure adequate latex filling into distal small caliber vessels. Macroscopically, there was no evidence of vascular malformations or pathology involving the spinal cords (including atherosclerosis that could alter the latex injection). The specimens were fixed in a 5% formalin solution. One week after formalin fixation, we performed microsurgical dissection of the samples. 6, 18 We identified and measured the course, diameter, and branching angle of the arteries comprising the ABCM. After all measurements were obtained, spinal cords sections were sent for histological analysis to identify smaller caliber perforating vessels arising from the ABCM.
histological analysis
Embedding and Sectioning
Spinal cords were treated with 20% glycerol and 2% dimethylsulfoxide to prevent freeze artifacts. Spinal cords were embedded in a gelatin matrix using MultiCord Technology (NeuroScience Associates) as used in previous studies. 8, 19 The block of embedded spinal cord was allowed to cure and was then rapidly frozen by immersion in isopentane chilled with crushed dry ice. The block was mounted on a freezing stage of an AO 860 sliding microtome and sectioned in the coronal and sagittal plane at 40 μm. All sections cut were collected sequentially into a 4 × 6 array of containers. These containers were filled with Antigen Preserve solution (50% phosphate-buffered saline [pH 7.0], 50% ethylene glycol, and 1% polyvinyl pyrrolidone) for sections to be stained immunohistochemically. At the completion of sectioning, each container held a serial set of 1 of every 24th section (or, 1 section every 960 μm). Each of the large sections cut from the block was actually a composite section holding individual sections from the spinal cord embedded in each block. With such composite sections, uniformity of staining was achieved.
Nissl (Thionine) Stain
Every sixth section (every 240 μm) was used for staining. For Nissl staining, 40-μm sections were first mounted onto gelatinized slides. They were then dehydrated through alcohol rinses prior to defatting in a chloroform/ ether/alcohol solution. The slides were then rehydrated and stained in 0.05% thionine/0.08 M acetate buffer, at a pH of 4.5. Following deionized water rinses, the slides were differentiated in 95% alcohol/acetic acid and dehydrated in a standard alcohol series, cleared in xylene, and coverslipped.
results characteristics of the abcm
The ASA tapers distally at the level of the conus medullaris. The mean preconus diameter of the ASA measured 0.7 ± 0.12 mm. At the level of the conus, the mean diameter of the artery narrowed to 0.38 ± 0.08 mm. The ASA forms an anastomotic basket with the PSA via 1 or 2 anastomotic branches (see Table 1 for measurements). In most specimens (n = 13, 81.3%), we identified 2 anastomotic branches connecting the ASA and PSA (Fig. 1 ). In the remaining specimens (n = 3, 18.7%), a unilateral right-sided anastomotic artery was identified (Fig. 2D) . We measured the diameter of the anastomotic arteries in all specimens. The mean diameter of the right anastomotic branch was 0.49 ± 0.13 mm, and the mean diameter of the left anastomotic branch was 0.53 ± 0.14 mm. The branching angle of the arteries forming the anastomotic basket was 95.9° ± 36.6° on the right side, and 90° ± 34.3° on the left side.
branching orientation and anastomosis between the aSa and pSa
In most specimens, the arterial basket connecting the ASA and PSA consisted of 2 arterial connection points. In these instances, we noted that in 6 cases the right vessel branched first ( Fig. 2A) , in 5 cases the left vessel branched first (Fig. 2B) , and in 2 cases both vessels branched simultaneously (Fig. 2C) . These 3 differing branching orientations constitute the spectrum of patterns noted in the ABCM. In cases of bilateral arterial anastomoses between the ASA and PSA, the mean distance between the origins of the arteries was 4.5 ± 3.3 mm.
histological results
We were able to identify small caliber (< 0.5 mm) centripetal perforating branches arising from the ABCM (Fig.  3) . Due to limitations of histological sections, we were not able to identify precisely the number of these branches and their lengths.
discussion anastomotic contribution of the abcm
The ABCM functions as an anastomotic connection between the ASA and PSA. The arterial basket was symmetric in most specimens (n = 13), meaning that the ASA was connected to paired PSAs via right and left branches. This symmetric configuration allows for continuity of circulation between the anterior and posterior spinal circulations. In rare cases (n = 3), the anastomotic network was asymmetrical with a dominant artery connecting the ASA to one of the PSAs. This rare arrangement resulted in 1 PSA receiving all of the ASA flow. This arrangement may result in a watershed zone on the contralateral dorsal surface of the spinal cord. Given the limitations of our current technique, it is possible that in these asymmetrical cases, finer anastomotic networks between the ASA and the other PSA exist but are not visualized with the injection technique.
branching orientation and anastomosis between the aSa and pSa
We identified 3 branching orientations connecting the ASA and PSAs. In the 2 most common scenarios, the ASA was connected to the PSA via bilateral branching arteries, which branched from the ASA at different levels of the conus ( Fig. 2A and B) . In a more uncommon orientation, the bilateral branching arteries branched simultaneously from the ASA to connect to the paired PSAs. These branching orientations do not appear to have functional significance, but the anatomical description of these branching patterns is novel and has not been previously described.
conus medullaris arteriovenous malformations and the abcm
The ABCM is frequently involved in vascular malformations of the conus medullaris (Figs. 4 and 5) . [9] [10] [11] [12] 20, 25 The angiography provides a robust means of obtaining anatomical information about vasculature at the conus. However, spinal angiography is a rarely performed, timeconsuming procedure that is only performed to evaluate pathological conditions. For this reason we were not able to perform additional correlations between anatomical findings with angiographic data. We reviewed one of the senior authors' experience (R.F.S.) with resection of arteriovenous malformations (AVMs) of the conus and noted that in complex cases, the ABCM is ill defined or undefinable on spinal angiography. 25 In many cases of AVMs of the conus, the large size of the nidus obscures proper delineation of the ABCM (Fig. 5) .
Understanding of the anatomy of the ABCM and its variations is critical for addressing vascular malformations in this location. The presence of perforating vessels feeding the conus that arise from this ABCM has clinical implications for the resection of vascular lesions as well as other pathologies in this region. This anatomy is often not well described or studied; our study adds a new dimension, highlighting the importance of perforating vessels arising from the ABCM to the vasculature of the conus medullaris.
conclusions
The ABCM is an anastomotic network connecting the ASA and PSAs. We identified 3 different branching patterns connecting the ASA and PSAs. In the majority of the cases, bilateral arteries connected the ASA and PSA, allowing for redundancy in vascular supply to the spinal cord and conus medullaris. Small perforating arteries arising from the ABCM provide blood supply to the conus medullaris tissue. The ABCM is involved in vascular malformations and tumors at the level of the conus. The physi- 
